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But attribution of trends is actionable
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A more recent example

(a) FWI in southern California (b) Daily FWI averaged over the study region
on January 8th

- 1940-2022

ik — 2024-2025

120°W 119°wW 118°W 117°wW

T T T T T T T T T T T T
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

S— Barnes et al, World Weather Attribution, 2025
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A more recent example

(a) % change in FWI1X (b) Probability ratio
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Modest best-estimate increase in maximum 1-day Fire Weather Index
with broad range of uncertainty
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Uncertainties in return times for even the simplest
random process
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Return times for a more interesting process
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Explaining how climate change affects weather in
a simple dynamlcal system
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Explaining how climate change affects weather in
a simple dynamlcal system
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Explaining how climate change affects weather in
a simple dynamlcal system
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Explaining how climate change affects weather in
a simple dynamlcal system
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- Trajectorles leading to high-x events 1

Same trajectories, driver removed
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Explaining how climate change affects weather in
a simple dynamlcal system
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Chaos makes the attribution question interesting

* Extreme events may be more frequent than you would expect
from a simple linear stochastic process (sandpile example).

* External drivers of climate change can affect both
— The magnitude of an event, assuming it happens anyway.
— The probability of a similar event happening at all.

* |t can affect them in different ways.

* And both effects are interesting.
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Change in probability of high Southern England rainfall

January 2014 Precipitation and pressure
observed precipitation anomalies in the wettest 1% of
& pressure anomalies the “actual conditions” ensemble

Schaller et al, 2016
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Change in probability of high Southern England rainfall
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Introducing more realistic models: the “storyline”
approach

a 55T-Ana

Hurricane Sandy
with and without
anomalous sea
surface
temperatures.
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The June 2021 heatwave in the Pacific Northwest

June 2021 Pacific Northwest heatwave

Maximum temperature / °C
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Apparently unprecedented

June 2021 Pacific Northwest heatwave
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But remarkably well forecast: 3 days out

Forecast lead time: 3 days
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But remarkably well forecast: 7 days out

Forecast lead time: 7 days
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But remarkably well forecast: 11 days out

Forecast lead time: 11 days
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But remarkably well forecast: 2 months out

Forecast lead time: 59 days
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Capturing essential physics in the forecast model

ECMWF forecast initalised 2021-06-18
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Forecast-based attribution with the operational
medium-range and seasonal IFS (Leach et al, 2024)

Reset CO, concentrations & modify initial conditions to
subtract full 3-D pattern of ocean surface and sub-surface
warming since 1900: “pre-industrial climate”

Modify ocean salinities to conserve density

Rerun the 50-member ensemble forecast at increasing lead
times to explore impact on forecast probability of event

Repeat increasing CO, and adding pattern of warming to
check linearity of response: “future climate”
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Impact of warming on probability of heatwave

8-fold increase in probability for a
1.2°C rise in global temperature
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Impact of warming on probability of heatwave
Probability doubling every 20 years
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Impact of warming on probability of heatwave

Not “virtually impossible without
climate change”
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A more dynamical example: Storm Eunice,
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Impact of anthropogenic climate change on ensemble
forecasts of Storm Eunice at 2, 4 & 8-day leads
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Challenges for forecast-based attribution of trends
in event probabilities

* Target: rates of change of probability of similar extreme
events in a free-running and reliable model.

— Reliable extreme probabilities require accurate return-time slopes,
which require a high-resolution (dynamical?) model.

— Compromise on model for an adequate ensemble size.
— Compromise on ensemble size for a reliable model.
— Waste resources on “mindless” high-resolution ensembles.

* Use perturbed ensemble forecasts at progressively longer
lead times to look for convergence of results.
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Could the need for reliable event attribution be another
driver of investment in more realistic models?
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